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This report covers both the esperimental and theorstical aspects of
work in the slow flow of non-Revtoniar iiwids which kave been carried cut

during the last six wmonths,

1, Theory: A paper dealing with Stokes flow of Newtoniaer filuids ecrii:ec

"Stokes Resistance - Translation and tho Electrostatic Potential® wes eolbeliied
to the Journal of Fluic Mechanics. 4s 2 result of = raview by this jouvrnel
the paper is being revised, and will bz resubmitted in the rear future.
A surprisingly compact form of the equation of motion for a Diviise
Ericksen fluid of the second grade has Seen fourd.
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and V'*/is the acceleration. The stress tenscr for this Fiuid is
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Tha zbove zguation of motion is most theczy cg oI11
be discussed below. It is Interestlog to note a steady filsr the Tlinwm
whose coefficient is 20, + @ 15 a foree which is alwey

streamiines. If ths Welssenberg symmetry rule for normal

shear is valid then 2¢e +@ = 0, and the nowmmal forie
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A generalization of the Lorentz veciprocal theorvem of Hewtcomlan SHtckos
&

e BT e

e

=%,
- - - s » . . N 2 PP i 4 }
flow has been daveloped. With this theorem 1 z shown thot o T

approximation to the dissipation
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nth approximation to the velcocity Flald.
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field is expandad in the form

The stress tensoy is appuoeximated to the appro the thecry of

Rivlin-Bricksen fluids, and th2 drog foves will

In each case subscript © refars to the Newtonfan problem. Using the vecinro-

¢al cheorem and the above equaticn of motion it can be s
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Hence f& is determined eatirely by the pracsura ps  and vortieisy

-

@ fields of the Kewtonian problem. By inspeetion wes can cee that for ome oo

particles such asc spheres and ellipsoids % puct vanich. Zowever, for parvile
cles without fore and af: symmetry such as hemispheres, deuhlets of diffeier

size spheres, and copmes F; is non-zero. The lmportance of this resuls 'z o ag
with appropriate corrections for finite boundaries it chould be possib

determine @, + ¢a from drag force measurements with

The integral for F; is now being cvaliuated for doublets of two sgheran arg

the hemisphere.
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The equatior of motion for a Riviin-Ericksen fluid of the third grode oo
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being investigated.

It is hoped tc bring together these results in 2 paper during the ner i
few months.
2. Experiment: A study of the fall times of spheres and other particics ir o
solution of polyiscbutyvlene in vhite cil has been carwied cut by Hr. D. .
Wilson as an M.S. thesis. The soluticn was found to be remarkably homcrensrus o
determined by observing the fall of a small cphere thrcugh 10 ea. irntsra’sz Sor

a total of 100 cm. (totai £all time gbout 15C0 secs.}. However, ths zero

viscosity fluctuated about an average of F 1¥ (a change that would ba Giffici
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to detect with conventional viscometry). These fluctuztions appeared to Cepan
on recent stress and temperature history, however other complicating fretor:

wera also observed. It was fourd to be necessary to nre-wot the particles
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sinze small air bubbles tended 1o ¢
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ing to thelr suvface if zhey weve iutyce-

fuced dry. When lighting corditions were right refractive index v
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polymer solutiom when brought togethew do not instantoncously coalesce into a
homoganeous phase. Dven though the boundary will no loager be visible because of
the continuity of the solvent a finife time 15 rejuired for the discontinuity

to disappear in the polymer. Such discontinuities could give rise to the
refractive index patterns observed when prz-wetted particles are introduced

into the solution. Clearly, this effect would give rise to variable mechani-
cal properties. which might explain the scatter in the data. 4 new colum in
vhich particles and £lnid are sealed in with no fres surfaces is being constructed,
and thus it should bz possible to eliminate thils zffect, It has bzen concluded
thiat in general free surfaces should be svoided in the study of polymer
solutlcns since, desplte precautions, eveporation takes place and"skins® are
formed. These skins are almost insoluble and interfere drastically with experi-
ments ir the dulk of the £luid civce they are carried iaté it by bodies intro=-
duced through the surface. Despite these diffi;ﬁlties some reproducible data
Lava ssen obtained. These experiments are being coantinued in order to davelop

reliable cechnigues for cbtaining highly precise renroducible £all times.



